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This thesis provides an overview of the process of manufacturing microwave receivers for
maritime radar systems, focusing on performance requirements, material properties, and
manufacturing ability. Concrete analysis of the manufacturing was performed through
Solid-works. By analyzing the basic components, design principles, and environmental
impacts associated with maritime radar applications, the study solved the challenges of
material selection and manufacturing processes when faced with the tough demands of the
marine environment (e.g.corrosion resistance). Provides a systematic review of the
material selection process, emphasizing corrosion resistance and mechanical stability,
while considering the economics and manufacturability of potential materials. The design
principles adopted aim to balance performance, ease of assembly and cost constraints. By
applying DFMA principles, the research aims to minimize waste and reduce production
time without compromising the quality or performance of the final product.

“The topic of this thesis belongs to the broader research project at LUT University during
year 2024. The research project focuses to the DFMA and sustainability analyses of more
than 40 different MW and RF components. The results of this thesis will be utilized later to
build an overall picture of the DFMA and sustainability aspects related to MW and RF
technology.”
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1 Introduction

Microwave receivers utilized in maritime radar repeaters are specialized radio frequency
devices engineered for the reception and processing of microwave signals from radar
systems. These microwave receivers incorporate a microwave bandpass filter, which
functions to permit signals within a specific frequency range while attenuating or rejecting
signals outside of this range. Such a design ensures that the receiver precisely captures
signals from the intended frequency band, thereby avoiding interference from other bands,
which enhances the clarity and reliability of the signal. A picture of the device is shown in

Figure 1 below.

Figure 1 a microwave receiver for maritime radar repeater

1.1 Background

About 80 years ago, Maxwell and Hertz proved that free space was a good transmission
medium for electronic waves. Since this fundamental contribution, radio technology has
made huge progress, and a ten year period ago it was developed to the degree that it was
possible to build equipment suitable for quantitative microwave propagation studies. The
research was carried out and they showed that normal spreading in the "line-of-sight" path

of signals at wavelengths of 10 to 20 centimeters is characterized by free-space attenuation



and freedom from atmospheric interference. These results, together with the possibility of
using a wide bandwidth in this wavelength range and of designing small size antennas with
a high degree of direction, have encouraged us to embark on a more comprehensive study
of microwave repeater circuits (Friis 1948, pp.183-246). In the background of modern
technological developments, the study of accurate microwave receivers is critical to
maritime activities that are increasingly dependent on radar systems for navigation and
safety. The complex area of the production of microwave receivers for maritime radar
repeaters is explored in this thesis, which addresses the challenges of integrating
performance requirements with material properties and manufacturing capabilities. By
understanding the basic components and design principles of marine radar, and then
considering the characteristics of marine environments, such as corrosion resistance, this
study discusses material selection and manufacturing processes to meet the requirements of

these environments.

1.2 Significance of the Research

This thesis provides some assistance in investigating the complexities of manufacturing
optimization and Design for Manufacturing and Assembly (DFMA) analysis in the
production of microwave receivers for maritime radar repeaters. A microwave receiver
receives microwave signals emitted by a radar and converts them into electrical signals that
can be processed by the radar processing system. This is critical to the operation of the
radar, and by addressing key research questions and utilizing triangulation methods, it can

provide valuable insights into marine operations and is a rewarding research endeavor.

1.3 Research Problem and Objectives

In this thesis, it is important to consider the combination of MW performance requirements
with the material properties of the components used in the device and the precision
required to manufacture critical geometries. Bases with multiple cavities, especially
dielectric resonator oscillators, require the correct use of dimensional and geometrical
tolerances to ensure correct assembly conditions. In addition, there are a few parameters

that affect the accuracy of the different optional manufacturing methods. However, there



are many standardized components and dimensions in the structure that cannot be changed.
Environmental loads must also be taken into account as the device is planned to be used in
offshore conditions. It was challenging to find a compromise that met all the requirements
at the same time. The goal of the thesis was to identify qualified manufacturing materials

and methods and to perform a DFMA analysis.
The research questions are as follows:
What are the most suitable manufacturing methods for the device and why?

How the dimensional and geometric tolerances should be set to reach the required

performance?

What would be the most suitable material for the device body and why?



2 Methodology

A triangulation approach is adopted in this paper. Figure 2 below shows the contents of

triangulation method.

Method 1:Literature review supported with an expert interview

Method 2:Utilization of
Solid-Works modelling
together with Solid-Works
DFM module

Method 3:Systematic
material selection process

Figure 2 Triangulation

The methods suggested by the thesis advisor were utilized in this study. Regarding the first
method, appropriate literature was identified according to the requirements. The findings
from the literature were organized to address the challenges currently faced, and the
citations of each piece of literature were clearly documented and indexed under the main

areas of material selection and manufacturing methods.

In the second method, modeling was conducted to acquire a basic model of the device,
enhancing understanding of its composition. Through the use of the DFM module,
potential manufacturing challenges such as difficult-to-machine features, overly complex
assembly requirements, or excessively costly design solutions were identified.
Consequently, necessary adjustments were made at an early stage of the design process,

thereby avoiding costly modifications and delays at later stages.

For the third method, material selection was matched with the requirements and potential
candidate materials were identified. Properties and characteristics of the materials were
systematically gathered, and potential issues or uncertainties for each material were
recognized. From this thorough analysis, materials that best met the project objectives and

requirements were selected.



2.1 Literature review supported with an expert interview

This literature review will bridge the gap between scientific innovations and commercial
applications, and describe the role of MW and RF theories, Design for Manufacture and
Assembly (DFMA) principles, and the advancement of new materials in manufacturing
technologies. This comprehensive approach draws on scientific literature and commercial
applications to provide a multifaceted view of the current state of manufacturing
techniques and future directions. The MWs and RF technology definitely set the stage
worldwide in the scope of telecommunications, smart sensing systems and others. Another
recent study has discovered how Rydberg atoms can improve the sensitivity of tracking
medium-wave electric fields. The proposed method involves a microwave resonant cavity
that significantly improves the sensitivity of electric field measurements, suggesting
potential applications in precision electric field metrology (Liu et al. 2024). This
improvement is important for the development of more efficient and accurate sensing

technologies in both civilian and defense applications..

DFMA Theory: Design for Manufacture and Assembly (DFMA) is a proactive design
approach aimed at reducing the complexity of manufacturing processes and assembly
operations. Although specific references to DFMA theory were not reviewed in the
provided documents, its principles are implicitly connected to the developments in material
technologies. By improving material characteristics, DFMA encourages the design of
products that are easier to manufacture and assemble, thereby potentially reducing costs

and improving product reliability and quality (Therman 2020).

Materials: Advances in materials science, particularly the development of new alloys, are
fundamental to improving manufacturing capabilities. Significant developments have been
made in the use of titanium alloys in the marine environment. These alloys offer high
strength, excellent corrosion resistance and strong mechanical properties, making them
ideal for naval and submarine applications. Developed primarily in China, advances in
titanium alloys have enabled a wide range of applications for critical components that

require long life and durability under harsh conditions (Chen et al. 2005, pp.67-70) .

Commercial Sources and Applications: Commercially, the practical applications of MW
and RF theories and advanced materials are extensive. For example, the principles of MW

and RF theories are integral to the functioning of contemporary radar and communication
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systems (Liu et al. 2024). On the other hand, the advancements in materials like titanium
alloys find significant applications in the maritime industry, contributing to the
construction of vessels capable of withstanding extreme operational stresses and corrosive

maritime environments.

Finding from expert interviews: The question raised was whether it would be possible to
change the relative positions of five different cavities milled in the construction to enable
the assembly of all connectors on only one side of each cavity. The expert's response
indicated that if these components are not installed separately in individual small boxes,
they may interfere with each other and therefore must be isolated accordingly. It was noted
that viewing of Figure 3 the fully assembled receiver could demonstrate the assembled unit,
and it also clarifies that the order of the small boxes and the connections between them do

not permit significant alterations in their relative positions (Eskelinen 2024).

Figure 3 Complete Asmbl Diagram

The function of the components in each notch was explained by the teacher. At the bottom
left, the frequency adjustments can be read in that box. Concealed by the cover, a small
microwave oscillator is situated. This oscillator is connected to a short external cable
(white cable) which links to the next component. Directly beneath the center, a brass-
colored circuit board responsible for the microwave action is positioned. The microwave
mixer, located in the same assembly, includes an additional input at the bottom connector.

Upon close inspection of the Figure 3, a very small, thin wire can be observed extending
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from the center box to the far right box. This wire passes through a small hole in the wall,
carrying the intermediate frequency signal to the bottom rightmost element, the
intermediate frequency amplifier. Within this amplifier, two small metal cans are housed.
The external cable continues to the top right corner, where there are three brass rectangular

cans, and they are the intermediate frequency filters(Eskelinen 2024).

The findings from this literature review highlight the interconnected developments across
theoretical research and material science in refining manufacturing and assembly processes.
The ongoing research and application of these principles and materials not only enhance
current manufacturing capabilities but also pave the way for future innovations in the field.
As the landscape of manufacturing continues to evolve, further research should explore the
potential synergies between innovative materials and DFMA principles to advance the

efficacy and sustainability of manufacturing technologies.

2.2 Utilization of Solid Works Modelling and DFM Module

SolidWorks is a commonly used design modeling software, SolidWorks is able to provide
different design solutions, reduce errors in the design process and improve product
quality.(Dassault Systemes 2011). By using SolidWorks' DFM module to analyze models
and provide recommendations for optimizing the manufacturing process, the DFM module
can help make the necessary adjustments to improve manufacturability by identifying
potential problems early in the design process. This proactive approach helps reduce
production costs, improve product quality, and speed time to market. In this thesis this
method is applied by firstly measuring the actual product before modeling it, then
manufacturing analysis is done through DFM module and then the model is optimized
appropriately after getting the suggestions for improvement, in order to maintain the
uniformity between the modeling and the actual product, manufacturing optimization is

done for the areas that do not affect the performance of the product.

2.3 Systematic material selection process

The following Figure 4 demonstrates the systematic material selection process, firstly,

materials are selected from two categories, traditional and modern materials, then
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environmental factors are taken into consideration to determine a specific use, then the
materials selected from the two categories are compared in terms of their properties, and
after that a thorough analysis will be carried out in order to determine which material is

more suitable for use as a manufacturing material.

Start

}

Materials initiation

Y ) J
Traditional Modern
Materials Materials
Selection Selection

Y

consider environmental factors

Y

property comparison

Y

Analysis

End

Figure 4 Systematic material selection process
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3 Results and Analysis

This section introduces the manufacturing method, the choice of material and the
construction of the model. The choice of material was made by comparison and finally
titanium alloy was chosen, and the construction of the model was divided into two main

parts.

3.1 Manufacturing Methods

CNC was considered as a manufacturing method. In the laboratory at LUT, an introduction
to the use of CNC was provided by the teacher, highlighting its capability to facilitate the
manufacturing of parts by importing models through a computer connection. This method
was employed in this research through the use of SolidWorks, which allows for the

importation and transformation of models.

A PC-based open architecture computer numerical control controller was introduced to
control the milling machine. The controller is realised on two systems: (1) a single-axis
high-speed milling machine using inputs from analogue control signals, where the PC-
based controller assumes all CNC functions; and (2) a three-axis milling machine
controlled by digital signals, where the existing CNC continues to monitor and control the
outer function, but where the PC-based system generates the reference commands for the
axis and the mating spindle (Rober and Shin 1995, pp.401-420). CNC full name
"Computer numerical control", commonly known as "numerical control". Computer
numerical control of automated machine tools, through the cutting tool will be blank
material processing into semi-finished finished parts. The Figure 5 below is an example of
a CNC made by the famous Japanese company Mazak. CNC (Computer Numerical
Control) manufacturing offers numerous advantages, such as high precision, repeatability,
flexibility, efficiency, and enhanced safety. However, the technology also comes with
disadvantages, including high initial and maintenance costs, as well as requiring skilled
operators. CNC can be modified with multi-axis capabilities, live tooling, and automation
features like robotic arms to enhance productivity. The costs of CNC operations are

heavily influenced by machine depreciation, tool wear, material costs, and labor. Key
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process parameters include feed rate, spindle speed, tool path, and depth of cut. The
technology is suitable for mass production due to its efficiency and is customizable for
specific materials, although it does have size and material hardness limitations. Hybrid
CNC technologies combine additive and subtractive manufacturing or different machining
processes. Objective criteria for comparing CNC effectiveness include production rate,
cost per unit, tolerance levels, and tool life (Rahmatullah et al. 2021, pp.575-583) . These

aspects make CNC a versatile and vital technology in modern manufacturing.

Figure 5 CNC (Mazak 2024)

The ability to perform complex cutting and machining tasks with a high degree of
precision is facilitated by CNC machines, making it possible to manufacture each part to
exacting specifications. CNC machines are programmed to reduce the possibility of human
error while increasing productivity. Complex geometric shapes can be created using CNC
technology, and the machines can be easily reprogrammed and adjusted to improve

products.
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3.2 Material selection

In the selection of materials, should consider whether the material properties meet the
requirements, and the use of the material to manufacture parts, the molding process is
simple, as well as to consider whether the production and use of materials or parts of
economic and other factors that are suitable for use, technology and economy and so on to
consider. In general, once the material is selected, the processing technology can be largely
determined. At the same time, the processing process and the performance of the material
changes; the shape and structure of the parts and production batch, production conditions

also have a significant impact on the material processing technology.

For the microwave receiver for maritime radar repeater due to the influence of the
environment, the first should consider the corrosion resistance of the material, which
eliminates a lot of metal materials, titanium and titanium alloys have a low density, high
specific strength, resistance to corrosion of seawater and oceanic atmosphere, non-
magnetic, resistant to shock vibration, strong working ability and other comprehensive
performance, has become the ideal metal materials for the Navy. The application of
titanium and titanium alloys on ships greatly extends the service life of equipment, reduces
weight, and lowers the technical and tactical performance of the equipment and the whole
ship (Chen et al. 2005, pp.67-70). This is why titanium alloy is chosen as the
manufacturing material, stainless steel is also superior in corrosion resistance, here

comparing these two materials to select the final material.

Introduction of Stainless steels, Stainless steel is widely recognized and used in many
engineering industries and companies for its excellent properties, including high corrosion
resistance due to a minimum chromium content of 10.5%, exceptional strength and

durability, temperature resistance, high recover-ability and form-ability (Olugbade 2022).

Introduction of titanium alloy, Titanium alloys with the element titanium as the base and
other elements added are called titanium alloys. Titanium is a new type of structural
material with excellent overall properties, such as low density (4.5 g/cm3), high specific
strength and fracture toughness, fatigue strength, good low temperature toughness and
excellent corrosion resistance. The maximum working temperature of some titanium alloys
is about 550 °C and is expected to reach 700 °C. Therefore, titanium alloys have been more

and more widely used in aviation, chemical industry, shipbuilding and other industrial
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sectors. Compared with light alloys and steel, etc., in terms of the relationship between
specific yield strength and density (c0.2/density), titanium alloys are higher than other
light metals, steel and, and this advantage will be maintained until about 500 °C, so some
titanium alloys are suitable for manufacturing gas turbine engine components (Cui et al.

2011, pp.1684-1691).

Despite its good corrosion resistance, stainless steel can fail, especially when exposed to
corrosive environments for long periods of time. This problem can be solved by using the
correct surface treatment methods (including alloying, heat treatment, coating/electro-
coating and surface mechanical treatment). The corrosion resistance of stainless steel is
usually dependent on the stability, compactness, chemical composition and thickness of the

passive film generated on the surface of the material (Olugbade 2022).

Titanium alloys can be machined like stainless steel. Thus, it is highly cost-effective to
produce various semi-finished products, finished products and parts. Manufacturing parts
made of titanium alloys is very similar to manufacturing parts made of stainless steel, if we
consider that titanium alloys easily oxidize and weld above about 350 C and have a low
thermal conductivity. Various machining, joining and coating processes are well
established (Warlimont 2018). Titanium alloys have a high specific strength and are widely
used in aerospace, high-speed moving parts, corrosion-resistant pressure vessels and piping,
and sports equipment. The Figure 6 below show how titanium alloys behave at high

temperatures.

Stress for 0.1% Stress for 0.1%
creep in creep in
150 h (MPa) Approximate T (F°) 150 h (ksi)
500 600 700 800 900 1000 1100
700 g 2100
Ti-6A1-2Sn-4Zr-6Mo
600
80
500 -
Ti-8Al-1Mo-1V
400 : : 60
Ti-6Al1-2Sn-4Zr-2Mo
3
i 5A1-2.58n 40
200
LOAL-6V-2S 20
100 Ti-6Al-6V-2Sn
0 Ti-6Al-4V 0

260 315 370 425 480 535 590
Approximate T (°C)

Figure 6 High temperature resistance of titanium (Warlimont 2018)
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From the above information can be learned, stainless steel and titanium alloy processing is
very similar, but titanium alloy compared to stainless steel strength will be higher,
corrosion resistance is also better, although the manufacturing cost will be higher, but will
get a better overall performance. Found a detailed data Table 1 showed below about
comparison from solid works. The Table 1 shows that titanium alloys are superior to
stainless steel in terms of Poisson's Ratio, Tensile Strength, and Mass Density. Between
titanium alloys and stainless steel, titanium alloys are chosen as the manufacturing material

due to its better physical properties.

Table 1 Data sheets for titanium and stainless steel (Solidworks 2023)

stainless steel

Property Value Units

Elastic Modulus 2.07E+11 N/m?
Poisson's Ratio 0.27 N/A

Tensile Strength 635000000 N/m?

Yield Strength 292000000 N/m?

Tangent Modulus N/m?
Thermal Expansion Coefficient 1.70E-05 /K

Mass Density 7859.9999 kg/m?
Hardening Factor 0.85 N/A

titanium alloys

Property Value Units

Elastic Modulus 1.10E+11 N/m?
Poisson's Ratio 0.33 N/A

Tensile Strength 1000000016 N/m?

Yield Strength 827370875.2 N/m?

Tangent Modulus N/m?
Thermal Expansion Coefficient 1.00E-05 /K

Mass Density 4650.0001 kg/m?
Hardening Factor 0.85 N/A

Among the titanium alloys used in ships, Ti31 alloy exhibits better comprehensive
performance. This alloy combines the advantages of various titanium alloys. In recent
years, titanium alloy has been applied to the testing and production of castings, especially
in the field of ships and other areas. According to the chemical composition and
mechanical properties test statistics of the casting specimens attached to the alloy batch, its

chemical composition meets the standard requirements, and its mechanical properties meet
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the usage requirements. The statistical analysis of the castings tested shows that their
surface quality and internal quality meet the requirements of the relevant technical
conditions. The castings have been processed and tested multiple times, and their strength,
toughness, and performance meet the requirements. Due to the high strength, high
toughness, weldability, and corrosion resistance of Ti31 alloy, it is an ideal material for
shipbuilding. Furthermore, the comprehensive performance of the alloy castings is good.
Compared with the forging process, casting titanium alloy belongs to near-net molding,
resulting in more diversified product structures, lower costs, and improved production
efficiency. Therefore, it has broader application prospects (Ning et al. 2019, pp.1135-

1137) . So Ti31 was chosen as the manufacturing material among Ti alloys.

3.3 CAD model and optimization

The model composition in SolidWorks is relatively straightforward, essentially divided
into two primary components. Firstly, the metal frame below Figure 7, featuring five
cavities, is constructed by initially acquiring the size measurements of the actual receiver
in its flat state. The camber is then transformed into a flat body through stretching
operations. Subsequently, the shape of the five cavities is delineated step by step using
lines. The excess material is then removed, and drilling operations are conducted to
complete the formation of the vessel. In Figure 7 frame, change the original size of the
aperture which can make the processing operation easier to complete, here the aperture is

mainly to facilitate the connection between the components.

By using the DFM module for analysis shows in Figure 7, some optimization solutions are
obtained, deep holes should be avoided as much as possible or it should be designed to be
easy to machine, in this modeling the deep holes are improved by widening the rounded
corners and keeping the dimensions uniform. Burrs may occur when the tool is digging a
hole, and setting the proper cutting speed and feed rate in SolidWorks can help minimize
burrs. Adjusting these parameters to make the cutting process smoother can reduce burr
formation, and it is important to keep these in mind. For the recommendation to design
rounded inside corners as much as possible to allow machining with standard milling tools
and to improve the structural strength of the part, the corners of the five cavities modeled

were optimized for rounded corners.
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Manufacturing Process:
Mill/Drill Only
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Figure 7 Part 1 Frame

Secondly, the metal cover below Figure 8 is fabricated by obtaining the thickness
measurements of the metal plate, followed by the corresponding drilling of twelve screw
holes to match those on the metal vessel. Described by its shape, part 2 is a rectangular
sheet of metal. Due to the simplicity of the modeling of this metal cover, as long as the size
is appropriate to be able to form an assembly with partl to choose a uniform material can
be manufactured, it is worth paying attention to the process of drilling holes in the

selection of the appropriate tool, to reduce the emergence of burrs.
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Figure 8 Part 2 Cover

It is important to note in part 2 that this is not a perfectly symmetrical part and detailed
measurements are available in the engineering drawings in the appendix. Since the holes
are not threaded, the 12 metal holes in this metal cover are larger than the screw holes on
the partl. The manufacturing of this metal cover was simple and did not require any
special manufacturing optimization, where it maintained consistency between modeled and

actual measured product data.
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4 Discussion

In this section, the comparative literature will be discussed and the reliability of the study

will be analyzed, and the main results and conclusions will be explained.

4.1 Comparison with the findings of literature research

This section compares the similarities and differences between the results of this thesis and
the findings of the literature study. The main comparisons are focused on the
manufacturing technology, material selection, and DFMA (Design for Manufacturing and
Assembly) analysis of microwave receivers. According to the literature review, existing
manufacturing techniques for microwave receivers mainly rely on traditional numerically
controlled machining (CNC) to ensure component accuracy and realization of complex
geometries. However, through the application of SolidWorks and DFM modules, it is
possible to identify potential manufacturing issues, such as difficult to machine features
and complex assembly requirements, in the early stages of design, which enables necessary
design adjustments to in advance and reduces the cost and time of later modifications. This
finding provides a contrast to the limitations of traditional manufacturing methods
described in the literature and highlights the potential of modern software tools in

optimizing the manufacturing process.

In terms of material selection, this study differs from conventional practices in the
literature. While stainless steel is often chosen due to its lower cost, this study found that
titanium alloys, despite their higher cost, can provide significant advantages in corrosion
resistance, specific strength, and ability to adapt to the marine environment. Through a
systematic material selection process, titanium alloy was chosen as the primary material

for this study, a choice based on its advantageous properties rather than cost alone.

4.2 Reliability aspects of the research

This thesis employs a triangulation methodology to verify the reliability of the design and

manufacturing process, including a literature review, expert interviews, and analyses using
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Solidworks and DFMA. This methodology ensures the credibility of the research findings
and enhances the validation of the findings. For the maritime environment, by comparing
the titanium and stainless steel materials more suitable materials were chosen. The
manufacturing methodology used is advanced CNC technology. Solidworks has been a
great help for this thesis, the success of the modeling and the use of the plug-in CAM
allows for manufacturing simulations to be carried out using the computer, verifying that
the manufacturing plan is feasible, and also enables simulations to be calculated for the

time of each step. The reliability of the thesis is supported by the various methods above.

4.3 Key Findings and Conclusions

Key findings indicate that titanium alloys, despite their higher cost, offer significant
advantages over stainless steel in terms of corrosion resistance and specific strength. The
DFMA analysis conducted identified potential areas for optimization in the manufacturing
process, such as the need to avoid sharp internal corners and deep narrow slots, which are
challenging to machine and could compromise the integrity and performance of the
microwave receiver. The use of CNC technology promotes precision manufacturing and
meets the accuracy required for manufacturing. Combining the system material selection
process along with the DFMA is the centerpiece of the thesis and provides a reference for

manufacturing.

The checks done through the DFMA methodology highlighted several critical aspects of
the microwave receiver manufacturing process. First, it became clear that certain internal
dimensions and geometries (such as cavities and waveguides, which are critical to device
performance) cannot be changes without impacting the operational integrity of the receiver.
This increased the need for precise manufacturing techniques to maintain these critical
features. Titanium alloys were chosen for their excellent corrosion resistance and strength-
to-weight ratio, which are well suited to the environmental requirements of offshore
operations. This choice not only meets resistance criteria, but also improves the life and
lifetime durability of the receiver in harsh marine conditions. With regard to
manufacturability, it is possible to identify the most time-consuming stages of the
manufacturing process. By focusing on these stages, strategies can be developed to

simplify production, thus potentially reducing costs and increasing efficiency.
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The manufacturing plan is known through the Table 2, the manufacturing plan is
completed through the CAM simulation, the simulation of manufacturing processing is
completed through the two operations of milling and drilling, the time for each step is
calculated through the simulation, and the total time is about 15 minutes, and the time for
milling accounts for most of the time. What can be optimized is that the tools used in the
milling operations simulated in this manufacturing plan can be replaced to speed up the

forming of the frame.
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Table 2 Manufacture plan

Machining Geometry Simulated %(of total

stage time time)

Milling 7.459min 49.97%
(up)
Milling 6.08min 40.73%
(up)
Drilling 0.733min 4.91%
(up)
Drilling 0.275min 1.84%
(front)
Drilling 0.381min 2.55%
(left)
Total 14.928min 100%
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4.4 Topics for further research

Science and technology is constantly developing, exploration is ongoing, manufacturing
technology with the development of science and technology continues to improve, the
current use of manufacturing technology still has certain limitations, the use of materials
consuming costs also need to notice. Here are some potential topics that could be explored

further in future research.

Advanced Materials Exploration: Research into new materials or composites to improve
the corrosion resistance and structural integrity of microwave receivers in the marine
environment. For example, alloy exploration is a growing area, with the development of
alloys with higher strength and corrosion resistance that can deal with environments such

as deep marine exploration and extreme high or low temperatures.

Manufacturing process optimization: exploring more advanced manufacturing techniques
to reduce costs or improve part accuracy and life. Current CNC technology still suffers
from high costs and the difficulty of machining precision parts that are too complex.
Consider a supervisor's proposal for additive manufacturing (3D printing) methods, a
technology known for creating complex geometries that are often impossible to achieve
with traditional CNC machining. In additive manufacturing, materials are layered to form
parts, helping to build complex internal features and minimize material waste. This
approach can significantly reduce material costs and increase design flexibility, making it

ideal for demonstration design for short periods of prototyping and production.
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5 Summary

This research study is dedicated to the development of microwave receivers for marine
radars that optimize their performance. The main aim of this study is the design, choice of
materials, and techniques of production. Utilizing DFMA alongside approaches such as
SolidWorks simulation and analysis, the research shows that specific materials are better
for the oceanic environment by providing more corrosion resistance. It presents practical
applications of the most recent engineering tools and principles, which make it possible to
develop a design of the best possible quality and deliver it with the highest efficiency
possible. Future research could delve into exploring the utilization of novel materials and
advanced manufacturing techniques to further augment the performance and cost-

effectiveness of marine microwave receivers.
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Appendix 1. Technical drawing of microwave receiver for maritime radar repeater
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